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Indocyanine green (ICG) is an infrared fluorescent dye with widespread use in
clinical applications, including hepatic function tests, cardiac output moni-
toring, and ophthalmic angiography. Using Xenopus laevis oocytes under
voltage clamp, we have found that ICG is voltage-sensitive and capable of
responding to changes in cellular membrane potential with a roughly linear
voltage dependency. ICG’s voltage response does not display the sub-
millisecond kinetics characteristic of electrochromic dyes; however, it is faster
than many so-called slow-response voltage probes. Tests of oocytes performed
under current clamp-like conditions show that ICG can clearly follow action
potentials produced at approximately 70 Hz. ICG has low expected cytotox-
icity; an infrared wavelength amenable to deep tissue imaging; and the ability
to label excitable cells, including cardiac myocytes and neurons. Conse-
quently, the voltage-sensitivity of ICG presented here may have significant
implications for novel applications in research and the clinic. Support: NIH
GM030376.
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Targeting Single Cell Networks for Gene Expression using Mechanical
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Rajib Schubert.
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To understand fine scale-scale structure and function of single mamilian
cellular networks, we developed and validated a strategy to genetically target
and trace monosynaptic inputs to single neuron initro and invivo using mechan-
ical stamping of viruses on a single cell. this technique, broadly applicable
works with single cell resoltuion invivo and invitro and may help shed new
light on many mechanisms in which cellular netowrks are involved.
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We suggest an advanced method of optical action potential sensing of neuronal
networks based on semiconductor microtube arrays [1].
GaAs/InGaAs microtubes are fabricated using the well-established principle of
self-rolling strained semiconductor layers where the lattice constant of InGaAs
is slightly higher than the one of GaAs. By selective etching of the sacrificial
layer (AlAs), the strain is reduced and the double-layer starts rolling up
[1,2]. In order to protect the neurons from toxic As, the tubes are coated with
parylene C. The neurons are selectively positioned in the areas of the tubes
openings so that the growth of the axons is guided by the microtubes.
To ensure the optical activity in the microtubes, a quantum well (QW) is
embedded inside the microtube. To activate the quantum well we use a 532
nm laser. In case of an action potential passing through the tube a shift in the
emission spectrum of a microtube is expected. First results of the photolumi-
nescence spectrum of the tubes show higher intensity and a blue shift of the
tubes coated with parylene C in contrast to the uncoated tubes.
[1] A. Koitma¨e et. al Soft Nanoscience Letters 3 (4), to be published October
2013.
[2] C. Bausch et. al arXiv:1305.1218.
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The capability of neurons to recognize the extracellular environment and to
establish physical connections among them (‘‘connect-ability’’) is altered in
several neuropathologies. The quantification of these alterations is important
for the investigation of pathogenic mechanisms as well as for the development
of neuropharmacological therapy, but current morphological analysis methods
are very time-intensive.Here, we present and characterize a novel on-chip approach that we propose as
a rapid assay. Our approach relies on the use of patterned substrates, where the
alternation of chemical cues is exploited to guide neural cell adhesion and
development. Discrete arrays of adhesion protein spots, such as poly-D-
lysine, characterized by controlled inter-spot separations of increasing distance
(30 - 100 mm), are locally adsorbed on an adhesion repulsive agarose layer.
Wild type (WT) hippocampal neurons are observed to grow and form connec-
tions among multiple spots only for inter-spots separation shorter than 50 mm,
whereas connections result prohibited for distances longer than 80 mm. Based
on this finding we demonstrate the design of specific patterns for identifying
connect-ability defects by comparing the maximal inter-spot distance that
allows connections in neuronal cultures prepared from WT animals and from
disease animal models (22q11.2 deletion syndrome/DiGeorge syndrome)[1].
The presented results demonstrate the reliability of this on-chip-based connect-
ability approach and validate the use of this method for faster and unbiased
assessment of neuronal connect-ability deficits in neuropathologies.
[1] Petrelli A., Marconi E., Salerno M, De Pietri Tonelli D., Berdondini L. and
Dante S. ‘‘Nano-volume drop patterning for rapid on-chip neuronal connect-
ability assays’’, Lab on a Chip (on line DOI 10.1039/C3LC50564B).
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Khawaja Moeen Haroon.
Deakin University, Geelong, Australia.
The human nervous system consists of billions of Neurons plus supporting
(neuroglial) cells. Neurons are able to respond to stimuli (such as touch, sound,
light, and so on), conduct impulses, and communicate with each other (and with
other types of cells like muscle cells). A Neurochip is a chip that is designed to
interact with neuronal cells. A neuron is an electrically excitable cell that pro-
cesses and transmits information through electrical and chemical signals. A
chemical signal occurs via a specialized connection with other cells. Neurons
connect to each other to form neural networks. Neurons are the main compo-
nents of nervous system. This paper provides a Designing process of a Neuro-
chip, its fabrication stages as well as what neurons are, and neural diseases and
chip application in neurological diseases.
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Various insects and small animals can navigate in turbulent streams to find their
mates (or food) from sparse pheromone (odor) detections. Navigation is a com-
plex task involving olfactory coding, motion perception, space perception and
integration of all these information to compute the paths to be chosen. Insects’
access to internal space perception and use of cognitive maps are still heavily
debated, but for some of them, limited space perception seems to be the rule.
However, this poor space perception does not prevent them from impressive
search capacities. Here, as an attempt to model these behaviors, we propose
a scheme that can perform, even without a detailed internal space map, searches
in turbulent streams. The algorithm is based on a standardized projection of the
probability of the source position to remove space perception and on the eval-
uation of a free energy, whose minimization along the path gives direction to
the searcher. An internal ‘‘temperature’’ allows active control of the explora-
tion/exploitation balance during the search. We demonstrate the efficiency of
the scheme numerically, with a computational model of odor plume propaga-
tion, and experimentally, with robotic searches of thermal sources in turbulent
streams. In addition to being a model to describe animals’ searches, this scheme
gives a framework to model complex neuronal task where experimental neural
recording are not accessible. This scheme offers the possibility to actively con-
trol the exploration/exploitation balance when dealing with complex tasks with
limited information. Finally, we show experimental searches of insects with on-
board recording of pheromone plume detection and comment search strategies.
[1] J.-B. Masson, ‘‘Olfactory searches with limited space perception’’, PNAS,
vol. 110, No 28, p11261-11266.
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One key to the function of a neuron is the morphology of its dendritic arbors. In
this work, we address the question of which branching rules are necessary to
794a Wednesday, February 19, 2014reproduce the complexity of arborization. We used the larval class IV sensory
neuron in Drosophila as the model cell to approach this question.
As class IV neurons display self-similarity over a range scales, the first key
morphological parameter we use to study them is their fractal dimension.
The fractal dimension of a neuron is a measure of its complexity and has
been used to distinguish between classes of neurons. The second morphological
parameter of a neuron involves realizing that such a branching structure can be
viewed as a binary tree in which neuronal branching points are the nodes. The
structure of interest here is the distribution of node depths, where the depth of a
node is the number of other nodes between it and the root (i.e., the cell body) on
the tree.
Using both analytical techniques and in silico simulations, we made three find-
ings. 1) The fractal dimension was always a monotonically increasing function
of the neuron’s maximal depth. 2) The observed Gaussian node-depth distribu-
tions are achievable via a termination rule in which the probability of branch
termination is a sigmoidal function of node depth. 3) The observed node-
depth distributions can be qualitatively accounted for by an "inheritance
rule", whereby each daughter segment inherits morphological information
from its mother segment.
In conclusion, we demonstrate that a set of statistical rules accounts for the
fractal dimension and node-depth distribution of class IV neurons.
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The morphology of a neuron is key to its function, but the principles that govern
neuronal morphogenesis are not clear. To investigate these principles, we used
the larval class IV sensory neuron in Drosophila as a model cell. Class IV neu-
rons have highly branched dendritic morphology. Our specific question is
whether this branching morphology arises from purely random processes or
whether there exist non-random constraints on morphological parameters
such as segment lengths and branching angles.
Tomeasure the statistical characteristics of the dendritic arbors, we imaged class
IV neurons by confocal microscopy and analyzed their skeletons using Fiji and
Matlab. First, we found that the lengths of dendritic segments, both terminal and
non-terminal, followed exponential distributions. Given that the lengths of the
dendritic segments are defined by consecutive branch points, this observation
suggests that branching events follow a spatial Poisson process. Second, we
found that the angles between two daughter segments follow a normal distribu-
tion with a mean of 96 degrees and a standard deviation of 31 degrees (n = 465).
Because the mean differs from 180 degrees, we conclude that the branching
angles are not uniformly distributed. These properties, namely the distributions
of segment lengths and angles, were observed throughout morphogenesis.
Our results indicate that there are morphological properties of class IV neurons
which are not determined by purely random processes.
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OHCs amplify sound by an electromechanical mechanism. Sound-induced
vibrations cause OHC membrane potential (E) to change from its resting
voltage (Em) to a new value (EmþdE). The induced receptor potential (dE) ini-
tiates charge movement (Q) and force production to counteract viscous losses
incurred by the traveling wave. Q exhibits a sigmoidal function with E and
because it is most sensitive to dE at the midpoint (Vm), Em should equal Vm
to ensure maximum amplification. Vm was measured with isolated OHCs ex-
tracted from guinea pig with whole-cell patch clamp under constant intracel-
lular pressure in presence of KCNQ4 blocker XE991 (R 30 mM) to ensure
robust voltage clamp (conductance < 1.5 nS at Vm). After correcting for phys-
iological conditions the results show Vm is coincident with in vitro measure-
ments of Em (Neuron 2011 70: 1143), but a mismatch of 40 mV is apparent
when comparing with in vivo measurements of Em made at basal (J. Physiol.
1987 383: 551 and Proc. R. Soc. Lond. B. 1992 247: 97) or apical (J. Neurosci-
ence 1985 5: 1591) regions of cochlea. Results also reveal variation of Vm
across the cochlea as a function of a non-uniform charge density of the lateral
wall (s); when s is uniform Vm is constant, and when s varies inversely with
area of lateral wall (ALW)Vm increases monotonically from a hyperpolarizedvalue at the high frequency region of cochlea to a depolarized value at low fre-
quency region. Although the relationship between Vm and s is satisfying as it
reflects the electric field, the disparity between in vitro and in vivo measure-
ments highlights the need to reconcile them to ascertain the operating position
of the amplifier.
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The postsynaptic density (PSD), a macromolecular protein machine that resides
under the postsynaptic plasma membrane, regulates the efficiency of synaptic
transmission by stabilizing neurotransmitter receptors in the membrane and
organizing signaling molecules within the postsynaptic compartment. Data
suggests that synaptic activity results in changes in the protein composition
of the PSD and it is hypothesized that these changes lead to structural modifi-
cations that explain enduring and stable alterations in synaptic function. How-
ever, direct evidence for these structural changes has never been obtained and
the extent of remodeling and the mechanisms responsible are not fully under-
stood. Our long term goal is to create a high-resolution molecular model of the
PSD that accurately represents the number and 3D relationships between its
protein components allowing hypothesis to be generated about how recruitment
or loss of specific proteins results in structural alterations at the PSD. The
ubiquitin proteasome system (UPS) targets proteins for degradation and is, in
part, responsible for modifications of the proteins that compose the PSD. Syn-
aptic activity has been shown to induce proteasomal recruitment into the post-
synaptic compartment, that requires prior activity-dependent recruitment of
CaMKII, resulting in changes in protein composition of PSDs. Electron cryo-
tomography (ECT) and immunogold labeling were employed to examine the
3D structure of isolated PSDs and to identify scaffold molecules targeted by
the UPS. Proteasome levels were found to be highest in PSDs isolated earlier
in development, providing evidence that the UPS plays a crucial role in the
structural reorganization of PSDs. ECTwill also be utilized to examine whether
CaMKII functions as a direct scaffold for the proteasome that might serve as a
mechanism to spatially restrict protein degradation.
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It is generally accepted that the collision of two action potentials coming from
opposite directions is produced by the mutual annihilation of both signals. The
experimental confirmation of this effect was shown by Tasaki in 1949 [1] and
their fundings are conforming to the Hodgkin-Huxley model for action poten-
tial propagation [2].
In the current work we performed an analogous experiments to these made by
Tasaki but using Lumbricus terrestris as an animal model. The collision of two
simultaneously generated impulses propagating in orthodromic and antidromic
directions were investigated. The experiments have been performed in the ex-
tracted ventral cord of Lumbricus terrestris by using double external stimulation
and single channel recording. Siurprisingly, the collision of two action potential
impulses of orthodromic and antidromic propagation within the median giant
axon in the ventral cord haven’t showed the annihilation of the two signals as
is commonly known. The results are in a good agreement with the soliton model
for the nerve signal propagation suggested by Heimburg and Jackson [3].
References
[1] Tasaki I., "Collision of two nerve impluses in the nerve fibre" Biochimica et
Biophysica Acta 3 (1949) 494-497.
[2] Hodgkin A.L. and Huxley A.F., "A quantitative description of membrane
current and its application to conduction and excitation in nerve. J. Physiol.
(1952) 177, 500-544.
[3] Heimburg T. and Jackson A.D., "On soliton propagation in biomembranes
and nerves. Proc. Natl. Acad. Sci. USA. 102 (2005) 9790-9795.
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Patients with Parkinson’s disease experience oscillatory motion of body
parts (tremor) due to an increased reaction time. The tremor is an early-stage
